Under normal pressure and temperature, most of the rare-earth elements appear in compounds, typically in chalcogenides, as trivalent ions RE3 with the localized f-shell configuration 4f" (n = 0.14 from La to Lu) and one 5d conduction electron. Exceptions are Sm, Eu, Tm and Yb which appears as RE2+ with the configuration 4f"+'. In these latter compounds, the valence transition associated with the delocalization of electrons from the f-shell into the conduction band induced by temperature [I] , pressure or alloying [2] has been intensively investigated these last years. Beside the change in electrical resistivity from semiconductor to metallic [3] , these transitions are accompanied by anomalous behaviour in many physical properties e. g. anomalous pressure-volume relation [4] , change in Mossbauer isomer shift [5] , large electronic specific heat [6] . Most puzzling is the electrical resistivity increase [6] and the non-Curie behaviour of magnetic susceptibility at low temperature in the high pressure phase of SmS (p > 6.5 kbars) [7] . The average valence derived from all experiments appears to be nonintegral, intermediate between 2' and 3' and can vary either continuously as in Yb-chalcogenides, SmSe, SmTe or discontinuously as in SmS and EuO. Such systems can be pictured as a mixture of 2' and 3+ ions.
Any static mixture can be ruled out by Mossbauer experiments [5] and the distribution of 2+ and 3+ ions has to be considered as dynamic. At a given site, the configuration changes from time to time from f"+l to f" configuration and vice versa by emission or adsorption of conduction electrons : inter-configuration fluctuations [8] ; the fluctuation time T,, being smaller than 10-9-10-10 S.
In this paper, we will treat rare-earth compounds with mixed valence as alloys A,-, B, S with atoms of two kinds A = RE2+ and B = RE3+. The alloy concentration n denotes the average number of Sm3+ ions present in the system at any time. Being identical to the number of electrons n, present in the conduction 5d-6s band, it has to be calculated self-consistently. To determine the properties of the above compounds, one can then make use of the methods developed during this last decade in the theory of alloys [9] . This provides a way of calculating the (local) d-electron density of states N~( E ) around atoms of type i (A or B) :
G~( E )
being the Green's function for d-electron corresponding to a configuration of the alloy with the Nd(E) is experienced and all sites are seen identical.
An other interesting possibility of such an alloy model is that local atomic environment effects can be included. This allows to take into account possible correlations between the fluctuations on neighbouring sites [lo] . As one site goes from 2' to 3+, some adjacent site may also go from 2+ to 3+, providing some clustering quite similar to a nucleation mechanism. Another possibility is that when a given site changes from 2 ' to 3+, neighbouring sites change form 3+ to 2' ; in this later case, local (short range) and possibly long-range charge ordering should be expected.
The energy levels to be considered are d and f-levels of the two hypothetical compounds RE2+S and RE3+s. Since only one f-electron out of (n + 1) in the f-shell is involved in the transition, it is reasonable to assume that other strongly bound f-electrons form a core and the one-electron spectrum under the field of this core is of interest. To achieve self-consistency of the two configurations, the quasi-particle f-level corresponding to the (n + 1)th f-electron has to be below the conduction band in RE2+S and above Fermi level in Sm3+S (Fig. 1) . The shifting mechanism of the levels can be simply seen from the atomic part of the Hamiltonian for d and f electrons. In order to simplify the picture, let us consider the case of two electrons in the Udd, U,, and Ud, denoting the intra-atomic coulomb interaction energy respectively between d electrons, f electrons and d-and f-electrons. n,,, n,, are the number of d and f electrons of spin o and can have the values 0 or 1-in the atom. Intra-atomic coulomb interactions being different, a relative change in the position of the levels results from the modification of the occupation of these two kinds of state.
The f-states being strongly localized,. one may reasonably assume as a first order approximation that they are not affected by the presence of the outer d-electrons ; this results in a relative lowering of the d-state by an amount of the order of (Udf -U,,).
In the RE3+S configuration, the unoccupied f-level is situated Uff below the occupied one. This level is not relevant to the problem since it is well below the Fermi energy, U, being of the order of 0.5 Ry -7 eV [ll] and certainly much larger than Udf, Udd and the d-band width W. Thus delocalizing a second electron becomes very difficult in this situation. The d-level E: to be considered -refers to the center of gravity of the t2, band separated from the e, one by the crystal field splitting which depends on the volume. For example, the atomic volume for Sm3+S is about 16 % smaller than for Sm2+S, due to a smaller ionic radius of the Sm3+ ions. This can be quite easily obtained by interpolation between other RE3+S compounds. Then the volume dependence of 8; can be expressed as :
Assuming that E: is not dominantly determined by the ionic potential of neighbouring rare-earth ions The equations (14) and (15a) Z(E) = (1 -ad) E : + nd &dB = e t -Itd 8 .
section of @(nd), with A/T gives n,. As A decreases with pressure (p) n, increases and depending on the For a semi-elliptic density of states parameter 6 / r , there is one or more than one solution n,. In the last case, a point is reached for which the The conditions (16) and (17) have also been obtained before for a square density of states [12] .
The critical value of gap where the discontinuous transition occurs is that for which the two minima of P the free energy have the same value
transition.
where n, and n, are the smaller and the larger roots of (15a). The equation (18) The behaviour @(nd, T) is shown by dotted line in figure 2. For T % T, the maximum value of @(nd, T) decreases and therefore A,,,, decreases, thereby the critical transition pressure increases. For T 4 r, @(nd, T) -t @(nd) and the critical pressure does not vary much. Therefore, the phase boundary for discontiWe thus clearly see that the alloy model is capable of reproducing most of the general features of valence transitions. Treating the volume aspects of the driving mechanism for configuration cross-over 1131 together with purely electronic ones, this model provides an unifying treatment of mixed valence systems. At present, it does not seem possible to decide which is the most important. As already mentioned,, local atomic environment effects can be included and the model can be easily extended to doped materials. It also provides a suitable framework for the study of the electrical conductivity of these compounds. These aspects will be discussed in a forthcoming publication [14] .
